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[57] ABSTRACT
A seat belt retractor includes a mechanism for keeping

the belt reel from rotating in the winding direction at
the urging of the winding spring when the reel is at an
automatically memorized rotational position. The
mechanism comprises an internal toothed gear wheel
affixed to the reel shaft and which carries a hook adja-
cent the perimeter that is biased toward the reel shaft. A
clutch ring is frictionally coupled to the gear wheel by
a clutch spring and has an abutment. A gear carrier is
rotatably received by the gear wheel and has external
teeth. An idler gear rotatably carried by the gear carrier
meshes with the internal gear teeth on the gear wheel.
A protrusion on the idler gear engages the hook when
the idler gear is in a memorized position relative to the
hook, which position is dependent upon the relative
rotational positions of the gear wheel and gear carrier.
In the memorized position, the hook is held outwardly
for engagement with an abutment on the gear carrier
and stops rotation of the gear wheel, relative to the gear
carrier, in the belt-winding direction. A memory spring
connected between the gear carrier and the reel shaft
urges the gear carrier in rotation in the belt-winding
direction. A lever pivotably carried by the frame has a
toothed portion that is releasably and selectively en-
gageable with the teeth on the gear carrier by an actuat-
ing means that selectively urges the lever in a direction
to engage the aforementioned teeth.

1 Claim, 7 Drawing Figures
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SEAT BELT RETRACTOR WITH AN
AUTOMATICALLY MEMORIZED TENSIONLESS
POSITION

FIELD OF THE INVENTION

The present itnvention relates to a seat belt retractor
of the type having a mechanism for preventing the reel
from being rotated in the belt-winding direction when
the belt 1s fitted to the vehicle occupant, thus keeping
the belt tensionless and, therefore, more comfortable for
the user.

BACKGROUND OF THE INVENTION

Most motor vehicles being manufactured currently
are equipped with safety belts that wind onto and un-
wind from retractors, which are usually of the emer-
gency locking type. Although many such retractors in
present use maintain a constant tension on the belt due
to the retractor winding spring, there are also retractors
that lock in an adjusted position and are slack and hence
more comfortable to the wearer. Many of those tension-
less types of retractors are of complicated construction,
large in size, high in weight and costly to make. Some of
them have a noisy clutch and gear system. Others do
not reset to proper fit after the user leans forward with-
out manipulation by the user. Still others do not aliow
the belt to pull out after tensionless adjustment. Finally,
many tensionless types use a fairly large solenoidal actu-
ator that draws a lot of electrical current, which i1s a
strain on the vehicle battery and reduces its life.

SUMMARY OF THE INVENTION

An object of the present invention is to reduce the
size, weight, complexity and cost of a tensionless emer-

gency locking retractor. Another object is to provide a
quet locking mechanism. Yet another object is to pro-
vide a “memory” in the mechanism that is easy to set
and that allows the user to lean forward without unset-
ting the memorized tensionless position.

The foregoing and other objects are fulfilled, accord-
ing to the present invention, by a seat belt retractor
having a novel and advantageous mechanism for keep-
ing the belt reel from rotating in the belt-winding direc-
tion at the urging of the winding spring when the reel is
at an automatically memorized rotational position. This
mechanism 1s characterized by a unique combination of
elements comprising a gear wheel affixed to the belt reel
shaft for rotation therewith and having internal teeth
within a recess, a hook rotatably carried by the gear
wheel adjacent the perimeter thereof and biased toward
the reel shaft by a spring, a clutch ring frictionally cou-
pled to the gear wheel by a clutch spring for rotation
with the rear wheel and having an abutment, a gear
carrier received by the gear wheel for rotation relative
thereto about the axis of the reel shaft and having exter-
nal teeth, an idler gear rotatably carried by the gear
carrier and meshing with the internal gear teeth on the
gear wheel and having a protrusion engageable with the
hook when the idler is in 2 memorized position relative
to the hook, which in turn depends upon the relative
rotational positions of the gear wheel and gear carrier,
the hook being engageable with an abutment on the
gear carrier to stop rotation of the gear wheel, relative
to the gear carrier, in the belt-winding direction upon
engagement of the idler gear protrusion with the hook,
a memory spring connected between the gear carrier
and the shaft to urge the gear carrier in rotation in the
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belt winding direction about the reel shaft axis, a lever
pivotably carried by the frame and having a toothed
part engageabie with the teeth on the gear carrier, actu-
ating means for selectively urging the lever to pivot in.
a direction to engage the toothed part with the gear
carrier teeth, and a friction plate pivotably mounted on
a pin on the lever and selectively engaging the reel shaft
and holding the lever toothed part out of engagement
with the gear carrier teeth until a small rotation of the
reel in the unwinding direction disengages the plate
from the reel.

The invention will be more completely understood
from a study of the following description of an exem-
plary embodiment, undertaken in conjunction with the
accompanying drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded perspective view of the em-
bodiment;

FIG. 2 is a partly broken away side elevational view
of the embodiment in an assembled condition;

FIG. 3 1s a longitudinal cross-sectional front view of
the embodiment;

FIG. 4 1s a fragmentary side cross-sectional view of
the gear wheel and some of the elements assoctated with
it;

FIG. 5 1s a longitudinal cross-sectional front view of
the gear carrier and some of the adjacent components;

FIG. 6 is a side elevational view of a seat belt system
typical of those with which the invention can be used;
and

FIG. 7 1s a partial side elevational view illustrating

the teeth of the gear carrier and the teeth of the actuat-
ing lever in engagement.

DESCRIPTION OF THE EMBODIMENT

In the drawings, the reference numeral 1 designates

- gen~-ally a seat belt retractor, according to the inven-
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tion. It includes a frame 2 of U-shaped cross section
carrying a rotatable shaft 3 (also referred to as the reel
shaft) having one end of a belt 20 attached thereto. One
end 3a of the shaft extends out from the frame and has
a groove 3b formed crosswise along the outer end. The
other end of the shaft is coupled to an emergency lock-
ing mechanism (not shown) of any suitable design,
many of which are well known in the art.

The frame 2 has a bracket 4 attached thereto by a
suitable means, such as a screw, on one side thereof, the
end 3a of the shaft 3 extending through a hole 4¢ in the
bracket. The bracket 4 is provided with a supporting
shaft 4b pivoting a lever 16 (which is described below)
and a pin 4¢ that is engageable by a projecting lug 6a of
a clutch plate 6, the shaft and pin both projecting out
from the bracket 4.

A large diameter part 3¢ of the projecting part 3z of
the shaft 3 receives a gear wheel §, which is fixed to the
shaft for rotation therewith. The gear wheel 5 includes
internal teeth Sq, a notch 56 housing a hook 14 (de-
scribed below) and a groove 5S¢, which is on the outer
periphery thereof and which receives a clutch spring 7
(also described below). A clutch plate 6 is received
outwardly of the clutch spring, also on the outer periph-
ery of the gear wheel (see FIG. 3). The clutch plate 6
has a lug 6a that is engageable with a pin 164 on the
lever 16. The clutch spring 7 couples the clutch plate to
the gear wheel for rotation together except when the
lug 164 strikes one or the other of the pins 4c¢ or 164, in
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which case the clutch plate 16 stops while the gear
wheel can continue to rotate with the reel shaft 3.

A gear carrier 8 is rotatably received by a shaft por-
tion 5d of the gear wheel § and has teeth 8a on the outer
periphery thereof and a circular recess 86 housing a
memory spring 10 (described below) on one side thereof
(see FIG. 5). The gear carrier 8 is also provided with a
shaft 8c¢ that supports an idler gear 9 and a protrusion 84
that is releasably and selectively engageable with the
hook 14 on the gear wheel 5. The gear carrier 8 is con-
structed to cover the gear wheel § with the inside of the
outer periphery of the gear carrier 8 fitting over the
outside of the gear wheel. The memory spring 10 is
housed in the recess 85 of the gear carrier with its outer
end 10a attached to the gear carrier 8 and the inner end
104 engaged in the groove 3b of the shaft 3. The mem-
ory spring 10 is retained in the recess of the carrier 8 by
a spring cap 11, which also serves as a partition between
a main winding spring 12 of the retractor and the mem-
ory spring 10. The winding spring 12 is housed in a
portion 13a of a cover 13 that is affixed to the frame 2
(e.g., by screws). The outer end 12a of the spring 1s
fastened to the cover 13, and the inner end 12b is en-
gaged in the groove 3b of the shaft 3.

The hook 14 is rotatably received in the notch 3b of
the geared wheel 5 on a supporting shaft 14a (see FIG.
4) and is biased in a direction toward the reel shaft 3 by
a hook spring 15, one end 15a of which is attached to a
recess adjacent the notch 5b of the gear wheel 5. The
hook 14 has a protrusion 146 which faces in toward the
shaft 3 and is engageable by a protrusion 9z on the idler
gear 9. The movement of the hook 14 inwardly toward

the shaft 3 is limited so that the inwardly facing end of
the protrusion 145 may not project inwardly beyond the

tips of the internal teeth 5aq of the gear wheel S (1.e., the
inwardmost position which the inner end of the protru-
sion 14b can attain is contiguous to the tips of the inter-
nal teeth Sq) so that the gear wheel S can rotate relative
to the gear carrier 8 with the 1dler gear 9 1dling abouts
its shaft 8c. When the tip end of the hook 14 is pushed
out of the outer periphery of the gear wheel 3 by the
engagement between the protrusion 144 of the hook 14
and the protrusion 9a of the idler gear 9, the protrusion
84 of the gear carrier 8 is engaged by the tip end of the
hook 14, thereby to prevent rotation of the gear wheel
5 relative to the gear carrier 8 in the belt-winding direc-
tion. It will be clear from the description below of the
operation of the embodiment that it is this engagement
of the tip of the hook 14 with the protrusion 84 on the
gear carrier 8, which itself becomes nonrotatable when
the belt is done up on the vehicle occupant, that keeps
the belt tensionless—it will be recalled in this connec-
tion that the gear wheel is fixed to the reel shaft.

The lever 16 is pivoted on the shaft 46 of the bracket
4 and has an arm 16a that is coupled to the plunger 17a
of the solenoid 17 by a pin 17¢ and a second arm 165 that
has teeth 16¢ that are engageable with the outer teeth 8a
of the gear carrier 8. The arm 165 has a pin 164 which
engages the lug 6a of the clutch plate 6. When the sole-
noid 17 1s energized, the lever 16 rotates in a direction
such that the teeth 16¢ engage the teeth 8¢ of the gear
carrier 8. When the solenoid is de-energized, the teeth
16¢ disengage by the restoring action of a return spring
175.

A friction plate 18 is journalled by a pin 164 on the
lever 16, the friction plate 18 being positioned such that
its tip end enters between the bracket 4 and the gear
wheel 5. It is biased by a friction plate spring 19 having
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one end attached to the bracket 4 so that it 1s urged
toward the side of the reel shaft 3.

The solenoid 17 is connected to a power source 1n
series through a switch (not shown) provided 1n the seat
belt buckle 20 (FIG. 6) so that it is energized upon
coupling of the buckle when the belt i1s done up. A seat
belt retractor according to the present invention may
also employ a switch that cooperates with a seat slide
lever for adjusting the fore and back position of the seat
and/or a switch that cooperates with the reclining de-
vice for adjusting the slant of the seat back, such
switch(es) being in series between the power source and
the solenoid 17 and being closed except when the asso-
ciated lever is operated to enable adjustment of the seat.

In a typical belt system having a retractor according
to the present invention, as shown in FIG. 6, the seat 21
comprises a seat portion 22 and a seat back 23. The fore
and back position of the entire seat can be adjusted by a
slide lever 24, and the slant of the seat back can be
adjusted by a reclining lever 25. These levers 24 and 25
have switches so that when either of the levers 24 and
25 is operated to adjust the seat, the associated switch is
opened and the solenoid is de-energized until the lever
1s released, whereupon the switch closes.

The function of the embodiment is described in the
following sections.

(a) Winding of the belt onto the retractor:

When the belt is done up, the retractor is set to main-
tain a memorized, tensionless position in which the
solenoid is energized, the gear carrier 8 is held station-
ary by the lever 16 and the gear wheel 5 is stopped from
rotating in the belt-winding direction by engagement of

the hook 14 with the protrusion 84 of the gear carrier.
The friction plate 18 is positioned with the notched

portion 185 in engagement with the reel shaft 3, which
holds the spring 19 under tension.

When the occupant undoes the buckle, the solenoid
17 is de-energized, so the plunger 17ag becomes subject
to the biasing force of the return spring 175, which
pivots the lever 16 to disengage the lever teeth 16a from
the teeth 8a of the gear carrier 8. At this time the end
portion 18a of the friction piate 18 1s engaged against
the side and under surfaces of the reel shaft 3 at the
urging of the friction plate spring 19. The gear carrier 8
is under a small rotational force tending to rotate 1t in
the belt-unwinding direction (clockwise in the draw-
ings) imposed by the memory spring 10. The protrusion
9a of the idler gear 9, however, engages the protrusion
145 of the hook 14 to hold the hook 14 out from the
outer periphery of the gear wheel §, and the tip of the
hook 14 engages the protrusion 84 of the gear carrer 8
such as to impede rotation of the gear carriter 8 in a
belt-unwinding direction, so the gear carrier 8 does not
respond to the biasing force of the memory spring 10 to
rotate in a belt-unwinding direction.

The main winding spring 12 is connected directly
between the cover 13 {and hence the frame 2) and the
reel shaft. There is nothing toc stop the rotation of the
mechanism in the belt-winding direction (counterclock-
wise in the drawings), so the belt 1s wound onto the reel.
The gear wheel 5 rotates with the reel shaft (to which 1t
1s affixed) and the memory spring 10 makes the gear
carrier 8 co-rotate with the reel shaft, because 1t does
not want to tighten and sustain a greater force. There-
fore, the “memory positions” of the gear wheel 5, gear
carrier 8, hook 14 and idler gear 9 are retained as the
belt is wound onto the retractor.

(b) Unwinding of the belt:



S

When the belt 20 is withdrawn from the retractor, the
gear wheel 5§ (fixedly attached to the reel shaft 3) co-
rotates clockwise with the reel shaft 3. The memory
spring 10 biases the gear carrier 8 concurrently to rotate
with the gear wheel § and reel shaft 3. Upon this rota-
tion, only the clutch plate 6 is stopped from rotating by
the engagement between its protrusion 6ag and the pin
164 of the lever 16. Then, when the buckle 1s done up,
the switch (not shown) 1n the buckle 1s closed to ener-
gize the solenoid 17 and thereby tend to pull the pole
piece 17a in against the biasing force of the return
spring 175 so as to rotate the lever 16 in a direction
(clockwise) such that the teeth 16¢ of the lever 16 en-
gage the teeth 8a of the gear carrier 8. However, be-

cause the protrusion 6a of the clutch plate 6 and the pin|

16d of the lever 16 are engaged, the lever 16 cannot
rotate and is retained in a biased condition but cannot
yet rotate in a direction to engage the teeth 16¢ of the
lever 16 with the teeth 8a of the gear carrier holder 8.

When the vehicle occupant allows the slack in the
belt to be taken up by the retractor until the belt 1s fitted
to him, the gear carrier 8, the clutch plate 6 and the gear
wheel § rotate counterclockwise due to rotation of the
reel shaft 3 in a belt-winding direction. Upon a partial
revolution of the mechanism, the protrusion 6a of the
clutch plate 6 1s disengaged from the pin 164 of the
lever 16, because the clutch plate 6 is stopped from
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rotating by engaging a protrusion (not shown) provided

on the cover 13. However, because the tip portion 184
of the friction plate 18 still engages the under surface of
the reel shaft 3, the teeth 16¢ of the lever 16 and the
teeth 8a of the gear carrier 8 remain held out of engage-
ment, and the gear carrier can still rotate with the gear
wheel and reel shaft.

(¢) Setting the memory position of the retractor:
- To set the tensionless memory position, the vehicle
occupant need only pull the belt slightly out—other-
wise the belt will stay under tension until he leans for-
ward slightly, which will also set the memory position.
When the belt is slightly unwound from the retractor
from the condition described above in section (b), the
friction plate 18 1s pushed out of engagement from the
side face of the reel shaft 3 (the pin 164 of the lever 16
1s a fulcrum and moves down slightly from the under-
surface of the shaft 3) by the co-action of the clockwise
rotation of the reel shaft and the friction between the
shaft and the friction plate 18. This did not happen
when the belt was first pulled out and the buckle fas-
tened because the engagement of the protrusion 6a on
the clutch plate 6 with the lever pin 16d kept the lever
arm 165 from applying an upward force due to the
return spring 175 (which was biased but could not act)
on the friction plate 18, and, hence, the friction plate
staved engaged up to this point. Now that the friction
plate 1s disengaged, the lever 16 can and does rotate
clockwise to engage the teeth 16¢ with the teeth 8a of
the gear carrier 8 (see FIG. 7), thereby to stop the rota-
tion of the gear carrier 8. The reel shaft 3 is prevented
from rotating in the belt-winding direction, and the belt
tension becomes zero, because the idler gear 9 keeps the
hook 14 on the gear wheel 5§ pushed out into engage-
ment with the protrusion 84 on the gear carrier 8. Ac-
cordingly, the gear wheel § cannot rotate in the belt-
winding direction (counterclockwise in the drawings).

(d) Memorization of the tensionless position:

The position where the rotation of the reel shaft 3 in
the belt-winding direction just described above in part
(c) 1s prevented i1s the memorized tensionless position.
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- When the belt 20 is pulled out by forward movement of

the vehicle occupant, such as when he leans forward
from the memorized position, the reel shaft 3 rotates
clockwise. Rotation of the shaft winds up the return
spring 12 and the memory spring 10. In particular, the
gear carrier 8 cannot rotate because it is locked by the
lever, but the gear wheel § is free to rotate with the reel
shaft 3 (to which 1t 1s affixed) in the clockwise direc-
tion—the hook 14 only stops counterclockwise (belt-
winding) rotation of the gear wheel 5 when the reel
shaft is in the memorized tensionless position. Upon
rotation of the gear wheel 5, the idler gear 9, which
meshes with the internal gear Sa of the wheel 5, rotates
at 1idle without orbiting with the shaft 8¢ of the locked
gear carner 8 as the axis. This releases the engagement
between the protrusion 9z of the idler gear 9 and the
protrusion 144 of the hook 14, so that the tip end of the
hook 14 1s drawn inwardly by the biasing force of the
hook spring 13. As a result, the gear wheel § co-rotates
with the shaft 3 without interference between the inter-
nal protrusion 84 of the gear holder 8 and the hook 14.

When the same length of belt as was extracted is
rewound onto the reel, the protrusion 92 of the idler
gear 9 and the protrusion 145 of the hook 14 again
engage each other, and the hook 14 is pushed out where
it will engage the protrusion of the gear carrier 8,
whereby the gear wheel § and the shaft 3 are stopped
and the tension load of the belt becomes zero.

The number of the teeth on the internal gear wheel 5
and the number of teeth on the idler gear 9 are estab-
lished such that the gear wheel § can make several
revolutions without bringing the protrusions 9a of the
idler gear and 146 of the hook into engagement, lest a
new memory position be established with the belt slack..
For example, 45 teeth on the gear wheel and 11 teeth on
the idler gear allows for eleven revolutions of the gear
wheel and reel shaft in the belt-unwinding direction
from the memonized position.

The belt retractor of the present invention is of very
simple construction and compact in size. Most of the
parts can be made of synthetic resins, and noise of the
gearing is reduced. The mechanism is reliable in use and
can be made and assembled at a low cost.

I claim:

1. A seat belt retractor with an automatically memo-
rized tensionless position and having a frame rotatably
carrying a belt reel by means of a reel shaft, a spiral
winding spring connected between a cover and the reel
shaft and biasing the reel in rotation in the belt-winding
direction, characterized in that there is a mechanism for
keeping the belt reel from rotating in the winding direc-
tion at the urging of the winding spring when the reel is
at an automatically memorized rotational position, said
mechanism comprising a gear wheel affixed to the reel
shaft for rotation therewith and having internal teeth
within a recess, a hook rotatably carried by the gear
wheel adjacent the perimeter thereof and biased toward
the reel shaft by a spring, a clutch ring frictionally cou-
pled to the gear wheel by a clutch spring for rotation
with the gear wheel and having an abutment, a gear
carrier received by the gear wheel for rotation relative
thereto about the axis of the reel shaft and having exter-
nal teeth, an idler gear rotatably carried by the gear
carrier and meshing with the internal gear teeth on the
gear wheel and having a protrusion engageable with the
hook when the idler gear is in a memorized position
relative to the hook, which in turn depends upon the
relative rotational positions of the gear wheel and gear
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carrier, the hook being engageable with an abutment on
the gear carrier to stop rotation of the gear wheel, rela-
tive to the gear wheel, in the belt-winding direction
upon engagement of the idler gear protrusion with the
hook protrusion, a memory spring connected between
the gear carrier and the reel shaft to urge the gear car-
rier in rotation In the belt-winding direction about the
reel shaft axis, a lever pivotably carried by the frame
and having a toothed part engageable with the teeth on

10

15

20

25

30

35

45

50

55

65

8

the gear carrner, actuating means for selectively urging
the lever to pivot in a direction to engage the toothed
part with the gear carrier teeth, and a friction piate
pivotably mounted on a pin on the lever and selectively
engaging the reel shaft and holding the lever toothed
part out of engagement with the gear carrier teeth until
a small rotation of the reel shaft in the belt-unwinding

direction disengages the plate from the reel shaft.
¥ " ® .
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